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A design modification to minimize tilting of an
inferior vena cava filter does not deliver a clinical
benefit
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Objective: In July 2007, our group began to use a modified conical inferior vena cava filter with additional stabilizing
struts designed to reduce tilting of retrievable filters. We analyzed our experience with this modified filter (Cook
Medical, Bloomington, Ind) from July 1, 2007 to December 31, 2008 and compared it to our experience with the
standard filter (Günther Tulip, Cook Medical, Bloomington, Ind) from January 1, 2006 through December 31,
2008 to determine if adoption of the modified filter reduced tilting and delivered a discernible clinical benefit.
Methods: The primary outcome measure was tilt angle after deployment. Secondary outcomes were change in tilt angle
between deployment and retrieval (self-centering) and retrieval failure due to inability to engage the filter hook.
Measurements were retrospectively determined using the anteroposterior venogram at the time of placement and
removal. Tilt angle was defined by the center line of the filter relative to the center line of the inferior vena cava (IVC).
Statistical significance was assumed for P < .05.
Results:During the study period, a total of 302 IVC filters were placed. Retrieval was attempted for 85 of 194 (44%)
standard filters and 52 of 108 (48%) modified filters. The overall difference in tilt angle (degrees) between the
standard (median [interquartile range]  5 [3, 8]) and modified (5 [3, 8]) filters at the time of placement was not
statistically significant (P  .44). Modified filters deployed through a femoral route (8 [4, 11]) had significantly
greater tilt angles than modified filters deployed using jugular access (4 [2, 6]; P < .0001). At the time of retrieval,
evidence of self-centering was observed more often with modified (32 of 52 [62%]) than standard (36 of 85 [42%])
filters (P  .03). Overall, there were only four failures to retrieve the filter due to excess tilting (standard, 3 of 85
[4%], modified, 1 of 52 [2%]; P  .59).
Conclusion: Overall, tilt angle at insertion did not differ between the modified and standard filters, although more
modified filters displayed self-centering. There was no difference between the groups in retrieval failure due to excess
tilting. Despite its greater tendency to self-center, we did not recognize a measurable clinical advantage of the modified
filter. ( J Vasc Surg 2010;52:920-4.)In 2005, the modified (Celect, Cook Medical, Bloom-
ington, Ind) temporary inferior vena cava (IVC) filter was
introduced. The design was based on its predecessor, the
standard (Günther Tulip, Cook Medical) retrievable filter.
Both filters featured a conical foundation but the newer
filter was modified by the addition of stabilizing struts (Fig
1) designed to achieve self-centering within the IVC
thereby minimizing tilting. Excess tilting can be a barrier to
filter retrieval and may compromise filtration efficacy and,
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920theoretically, pulmonary embolism prophylaxis.1-6 Use of
both filters is well described in the literature.7-10 Initial
studies have analyzed the retrievability of the modified filter
and have demonstrated excellent results with reported re-
trieval rates 90%, which compares favorably with the
older standard model. However, no study has directly
compared the clinical performance of the modified vs stan-
dard filter.
In July 2007, impressed by the theoretical appeal of its
design, our group began to use the modified IVC filter.
Before this, we had used the standard filter. After 18
months, we evaluated the clinical benefits of the modified
vs standard filters. The primary outcome of our study was
the degree of filter tilt within the IVC. Secondary outcomes
included change in tilt angle of the filter from time of
deployment to time of withdrawal and retrieval rates for
each filter type.
METHODS
The study was approved by the University of Utah
Institutional Review Board. All patients within a 3-year
period (January 1, 2006 to December 31, 2008) who
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group were included in this retrospective study. In our
practice, the retrievable filters are used regardless of indica-
tion so that retrieval always remains a theoretical possibility.
One of three different members of our group was the
primary physician deploying the filter in each case. One
surgeon continued to implant a substantial number of
standard filters (along withmodified filters) after July 2007.
Data were stratified by vascular access site (jugular vs fem-
oral) and by physician.
Tilt angle measurements were made by analyzing the
anteroposterior cavagram obtained at the time of place-
ment, and when applicable, at the time of removal. Tilt
angle was defined as the angle formed by the intersection of
a line parallel to the side wall of the IVC and a line through
the central longitudinal axis of the filter (Fig 2). The
diameter of the IVC at the point of placement was also
obtained for each filter and then plotted against that filter’s
respective degree of tilt.
Change in tilt angle, taken as an indicator of the ability
of the filter to self-center, was calculated by subtracting tilt
angle at time of placement from tilt angle at time of
removal. Positive values indicated a decreased degree of tilt
at time of removal and negative values indicated a worsen-
ing degree of tilt.
Finally, for filters in which retrieval was attempted, a
failed retrieval rate was determined for each filter type.
Failed retrieval was defined as an inability to engage the
hook due to excessive tilt. Non-retrieval secondary to
other factors such as filter or caval thrombus were not
Fig 1. Appearance of the standard (Günther-Tulip) v
Buecker et al.13)included.A Wilcoxon rank sum test was used to determine sta-
tistical significance for discrete variables and the 2 test was
used to analyze categorical data. Statistical significance was
ified (Celect) filter. (Reprinted with permission from
Fig 2. Method of measuring tilt angle of IVC filters. The degree of
tilt is defined as the angle between a line parallel to the side wall of the
inferior vena cava (IVC) and a line through the central longitudinal
axis of the filter. In this case, the angle was measured at 16°.s modassumed to be P  .05.
85 (
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During the study period, 302 IVC filters were placed;
194 patients had standard filters placed and 108 received
modified filters. Of these, 237 (78%) were placed from a
jugular approach (only one from the left side) and 65 (22%)
were placed from a femoral approach (two from the left
side).
The results comparing tilt angles are presented in the
Table and Fig 3. There was no overall difference inmean tilt
angle at placement between the modified and standard
filters. The median tilt angle for both filters was 5°. This
degree of tilting is consistent with 7° tilt reported by
others.11 Modified filters inserted from a femoral approach
were associated with the greatest tilt angles and this differ-
ence was significant when compared to their insertion via
the jugular approach and when compared to the standard
filter placed via the femoral approach.
Retrieval was attempted for a total of 137 filters
(45%; modified  52, standard  85). Patients whose
filters were removed were usually trauma patients who
had received the filter for prophylactic indications. Mod-
ified filters demonstrated a significant but small trend
toward self-centering over time (median, 1.5°) between
insertion and retrieval, but there was a large range asso-
ciated with change in tilt angle which resulted from the
fact that tilt angle for many filters of both types actually
increased over time (Fig 3, C). For modified filters, 32
(62%) showed some degree of self-centering vs 36 (42%)
standard filters (P  .03).
Severe tilt angles (14°) have been reported to be
important because of theoretically poorer filtration func-
tion and retrieval difficulty.3-6 Five of 108 (4.6%) modified
filters had tilt angles of 14° or greater compared to 5 of 194
(2.6%) standard filters (P  .34). At retrieval, four of four
modified filters had centered to 14° whereas one of two
standard filters had centered to14°. The other four filters
were not retrieved. The retrieval failure rate due to inability
to engage the apical hook for modified and standard filters
was 1 of 52 and 3 of 85, respectively (P  .59).
When tilt angle was plotted as a function of caval
diameter, no significant correlation was seen (Fig 4, A).
Similarly, there was no evidence that filters of either type
were more mobile in larger cavae (Fig 4, B).
No surgeon-dependent difference was observed for any
Table. Tilting characteristics of standard vs modified infer
Parameter Sta
Tilt angle 14° (%) 5/
Incidence of self-centering between insertion
and retrieval (%) 36/
Incidence of worsened tilt between insertion
and retrieval (%) 30/
Failure to retrieve due to excess tilt (%) 3/parameter measured.DISCUSSION
In 1973, Greenfield et al12 described the first conical
intracaval filter for prevention of pulmonary embolism
with encouraging results. This filter design has stood the
test of time but an undesirable feature was its perma-
nence once inserted. Recently, filter designs have fo-
cused on adding retrievability. The potential to retrieve
IVC filters has strengthened the rationale for their use as
prophylaxis against pulmonary emboli in certain high-
risk clinical situations. The standard filter (Günther Tu-
lip, Cook Medical) was designed as a retrievable conical
filter that could be removed from the IVC percutane-
ously by snaring a hook located at the apex of the cone
and collapsing it by sliding a sheath over the snare wire.
Like other conical filters, however, the standard device
has a predilection for tilting. Tilt angle is important
because excessive angles can theoretically compromise a
conical filter’s ability to trap emboli and impede its
retrieval.3-6 Several studies have shown that the standard
filter can tilt significantly (14°) when deployed.6,11
This shortcoming motivated the development of newer
filter models.
In 2005, amodification of the standard filter design was
introduced. Themodified filter (Celect, CookMedical) was
based on the standard filter’s conical shape formed by four
primary anchoring legs. In addition, the newer model has
eight thin secondary wires designed to stabilize and self-
center the filter.1,13 The modified filter is also more expen-
sive.
Others have observed that the degree of filter tilt has a
positive correlation with the diameter of the IVC below the
renal veins.11 We did not observe a significant correlation
between caval diameter and either tilt at insertion or mo-
bility between insertion and removal.
Another finding from our study that partially mirrors
previous experience is the reduced degree of tilting with
filters inserted from the jugular approach.6 We use the
jugular approach whenever possible (almost 80% of the
time) because the delivery system assumes a more “in-
line” configuration between the access and deployment
site. Contrary to prior reports (and to our surprise), we
found no relationship between insertion site and tilting
with the standard filter but a strong predilection for
tilting of the modified filter when placed from the fem-
ena cava (IVC) filters
filter Modified filter 2 statistic
2.6%) 5/108 (4.6%) P  .34
42) 32/52 (62) P  .03
35) 11/52 (21) P  .08
4) 1/52 (2) P  .59ior v
ndard
194 (
85 (
85 (oral approach. The reason for this difference between the
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right sided) approach is not immediately apparent.
Finally, we observed that a substantial fraction (22% to
35%) of both filters demonstrated angular mobility be-
tween the time of insertion and retrieval with only 17% to
22% showing no change in tilt angle over that interval. The
attachment struts for both modified and standard filters are
the same, so this mobility may represent a consequence of adesign feature that facilitates retrieval by reducing strut
ingrowth into the wall.
This study was motivated by the desire to determine
whether the increased cost ($300/unit) of the modi-
fied filter translated into any measurable clinical benefit
in our institution. After 18 months of use, we were
unable to ascertain such a benefit from adopting the
more expensive device. Overall tilt angle did not differ at
placement. In our hands, the modified filter tilt angle was
significantly more sensitive to site of access than the
standard filter. Extreme tilting (14°) most likely to
impede access to the apical hook during retrieval did not
differ between the filter types. Although failure to re-
trieve a modified filter due to tilting occurred only half as
often as with the standard filter, this was such an uncom-
mon event that the difference is far from statistical
significance. If this is a true difference, at this rate it
would take over 10 years for our institution’s experience
to become statistically significant. Although the modi-
fied filter showed a greater trend to self-center between
deployment and retrieval, the magnitude of this change
(1.5°) is of doubtful clinical significance.
Our study is limited by the lack of measurement of tilt
in the anteroposterior direction, although the similarity in
delivery systems supports the presumption that no system-
atic difference in anteroposterior tilting exists. We have also
assumed that filtration efficacy is substantially the same
between the standard and modified filters which share the
same basic design; our study is not sufficiently powered to
assess differences in clinical filtration, ie, prevention of
pulmonary embolism.
A strength of this analysis is that the delivery systems
and techniques for the modified and standard filters are
Fig 3. Tilting characteristics of standard vs modified IVC fil-
ters. A, Box and whisker plots of insertion tilt angles for
standard and modified filters. The line in the box represents the
median, the dimensions of the box represent the 25th-75th
interquartile range and the error bars represent the range of the
data set for each filter type. Difference in tilt angle was analyzed
by the Wilcoxon ranked sum test. There was no significant
difference in overall insertion tilt angle between the standard
and modified filters. B, Box and whisker plots of insertion tilt
angles for standard and modified filters stratified by jugular or
femoral approach. There were significant differences in inser-
tion tilt angle between the filter types when analyzed by the
femoral or jugular approach; modified filters tilted less than
standard filters when placed from the jugular approach but tilted
more when placed from the femoral approach. When each
individual filter type was analyzed according to the approach
used, standard filters showed no difference in tilting whether
placed from the jugular or femoral approach (P  .83), whereas
modified filters had significantly greater tilt angles when placed
from the femoral as opposed to the jugular approach (P 
.0001). All statistical analyses performed using the Wilcoxon
ranked sum test. C, Modified filters demonstrated a small but
significant trend toward self-centering, achieving a greater pos-
itive change in tilt angle than standard filters between insertion
and removal (P  .03, Wilcoxon ranked sum test).
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function of the filter itself rather than any differences in
deployment.
In our institution, the adoption of the more expensive
modified filter did not produce a clinical benefit of suffi-
cient value to warrant its continued use. We have resumed
using the standard filter with an estimated savings of
$30,000 per year.
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